The role of supine positioning after acute stroke in improving cerebral blood flow and the countervailing risk of aspiration pneumonia have led to variation in head positioning in clinical practice. We wanted to determine whether outcomes in patients with acute ischemic stroke could be improved by positioning the patient to be lying flat (i.e., fully supine with the back horizontal and the face upwards) during treatment to increase cerebral perfusion.
T h e ne w e ngl a nd jou r na l o f m e dicine T he prognosis in patients with acute ischemic stroke is determined according to the location and size of the occluded cerebral vessel, 1 the extent of collateral blood flow, [1] [2] [3] and the time to reperfusion therapy. 4 Small, nonrandomized studies have indicated that the lying-flat position (i.e., fully supine with the back horizontal and the face upwards) increases blood flow in major arteries 5, 6 and improves oxygenation of the brain, 7, 8 whereas a sitting-up body position with the head elevated (hereafter referred to as the "sitting-up position") may reduce intracranial pressure in patients with large hemispheric ischemic stroke. 9 Uncertainty over the role of head positioning after acute stroke and the potential risks of cardiopulmonary dysfunction and aspiration pneumonia 10 have led to ambiguous guidelines 11 and variation in clinical practice. 12 The Head Positioning in Acute Stroke Trial (HeadPoST) compared the effects of the lying-flat position with those of the sitting-up position, initiated soon after a stroke and maintained for 24 hours, in a range of health care settings and in patients with various types of acute stroke.
Me thods

Trial Design and Oversight
HeadPoST was an international, multicenter, cluster-randomized, crossover, open-label trial with blinded outcome evaluation; the trial was conducted at 114 hospitals (centers) in nine countries (Table S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org). Details of the design and statistical analysis plan of the trial have been published previously, 13, 14 and the trial protocol is available at NEJM.org. The trial was funded by the National Health and Medical Research Council of Australia. Members of an international steering committee designed the trial and were responsible for the conduct of the trial and the reporting of the results. Staff at the George Institute for Global Health coordinated the trial, managed the database, and performed the analyses. The first author wrote the initial and subsequent drafts of the manuscript. All the authors participated in drafting the manuscript, vouch for the accuracy and completeness of the data and for the fidelity of this report to the trial protocol, and approved the decision to submit the manuscript for publication.
The protocol was approved by all regulatory authorities and ethics committees at the participating centers. A senior executive officer at each hospital acted as a "guardian" (as part of the cluster-randomized trial design) and provided consent at an institutional level for head positioning to be implemented as a low-risk intervention to clusters of patients as part of routine care; written informed consent was subsequently obtained from the patients or their approved surrogates for the collection of medical data and participation in the follow-up assessments.
A statistician who was not otherwise involved in the trial generated the randomized assignment sequence for the hospitals, stratified according to country. In accordance with the protocol, the participating centers implemented the first assigned intervention until a target number of consecutive patients was reached; then, in the crossover phase, the centers implemented the second intervention in a similar number of consecutive patients.
Patients
Patients were eligible for inclusion in the trial if they were 18 years of age or older, presented to the emergency department or an inpatient service at a participating center, and received a clinical diagnosis of acute stroke. Patients with acute intracerebral hemorrhage (but not subarachnoid hemorrhage) were purposefully included in the trial to facilitate implementation of the intervention in consecutive patients and to explore the effects of head positioning on the risk of cerebral edema and pneumonia. Patients were excluded if the local clinician-investigator considered that the assigned head position could not be maintained consistently, if the confirmed diagnosis was a transient ischemic attack, or if the patient declined to participate in the trial. Patients were also excluded if there was a clear indication for, or contraindication to, either of the head positions.
15
Interventions
The assigned head position was initiated in patients as soon as possible in the emergency department or other assessment area and was maintained during transfer to an inpatient unit.
Trial of Head Positioning in Acute Stroke
Patients were asked to strictly maintain the assigned position for the next 24 hours, including when eating, drinking, and toileting unless they found it too uncomfortable to maintain or unless it was considered by the investigator, patient, or caregiver to be harmful, in which case the position could be interrupted for up to three nonconsecutive periods of under 30 minutes. Patients who were assessed as having dysphagia were given no food or drink or received nasogastric tube feeding or a modified diet while remaining in the assigned body position. For the patients in the lying-flat group, bolus rather than continuous feeding was recommended in those with a nasogastric tube, and graded elevation of the head and mobilization with toilet privileges commenced after 24 hours. For the sitting-up position, the head of the patient was elevated to at least 30 degrees by having the head of the bed raised mechanically or by the use of pillows if the bed was nonmechanical; the angle was confirmed with a protractor. Patients in this group were allowed toilet privileges outside the bed according to their level of mobility. All other management was left to the discretion of the investigators in relation to standards of care recommended in their own national guidelines.
Data Collection
Demographic and clinical data were collected at the time of presentation and included scores on the National Institutes of Health Stroke Scale (NIHSS; scores range from 0 to 42, with higher scores indicating greater severity of stroke). 16 A 24-hour bedside diary was maintained to record vital signs, lowest oxygen saturation, and interruption (with time and reason) of the assigned head position. Follow-up data were collected at 7 days (or at hospital discharge, if it occurred before 7 days), unless death occurred earlier; data included final diagnosis, repeat NIHSS scores, and assessment of disability on the modified Rankin scale (a measure of disability in which scores range from 0 to 6, with 0 indicating no symptoms at all; 1, no clinically significant disability despite symptoms; 2, slight disability; 3, moderate disability requiring some help; 4, moderately severe disability requiring assistance with daily living; 5, severe disability, bed-bound, and incontinent; and 6, death). 17, 18 Trained staff, who were unaware of the randomized intervention, contacted patients by telephone for the 90-day assessment using the simplified version of the modified Rankin scale, 19, 20 which requires only "yes" or "no" answers to structured questions. The European Quality of Life Group 5-Dimension Self-Report Questionnaire (EQ-5D) 21 was also used to assess quality of life with respect to mobility, self-care, usual activities, pain or discomfort, and anxiety or depression (scores range from 1 to 3, with 1 indicating no problems, 2 some or moderate problems, and 3 severe problems). The EQ-5D includes a visual-analogue scale as a single index of self-rated health status (with the scale ranging from 0 [worst imaginable health state] to 100 [best imaginable health state]).
Outcomes
The primary outcome was the degree of disability at 90 days, which was analyzed as an ordinal outcome across levels of disability on the modified Rankin scale.
22 Secondary outcomes included death or major disability (modified Rankin scale scores of 3 to 6) at 90 days, death within 90 days after stroke, duration of hospital stay, the individual components of the EQ-5D at 90 days, the distribution of levels across the modified Rankin scale at 7 days, and the distribution of seven levels of increasing neurologic impairment according to categorical scores on the NIHSS or death at 7 days. Serious adverse events, including pneumonia (for which additional clinical information was obtained) were recorded through trial completion. (Additional details on outcomes and serious adverse events are provided in the Supplementary Appendix.)
Statistical Analysis
We estimated that at least 100 patients with acute ischemic stroke would need to be assigned to a head position at each hospital (i.e., 50 patients per intervention phase [or "period"]) across 120 centers (a total of 12,000 patients) for the study to have 90% power to detect a 16% or greater relative shift in levels of disability outcome between intervention groups at 90 days in the ordinal logistic-regression analysis, at an alpha level of 0.05. 3 This calculation was based on conservative estimates of a 10% dropout rate of participating centers and a crossover rate of 5% and loss-to-follow-up rate of 10% among T h e ne w e ngl a nd jou r na l o f m e dicine patients at each center, together with an intracluster correlation of 0.03 and no interperiod correlation. This sample size was also estimated to provide 90% power to detect a 16% or greater relative shift in levels of neurologic function on the basis of categorical NIHSS scores or death at 7 days, at least a 30% lower relative rate of death by 90 days, and a 2-day shorter length of hospital stay in the lying-flat group than in the sitting-up group. However, the target number of patients for recruitment at each center was increased to 140 (i.e., 70 patients per intervention group) to account for the potential of poor implementation of head positioning among patients during the initial and crossover phases and to account for the inclusion of patients with acute intracerebral hemorrhage; a sample of 2800 patients with acute intracerebral hemorrhage was estimated to provide 90% power to detect a 25% or greater improvement (shift) in the 90-day disability outcome associated with the sitting-up position, a 25% or greater improvement in odds (shift) of survival and categorical NIHSS score at 7 days, at least a 33% lower rate of death by 90 days, and a 2-day shorter length of hospital stay, at an alpha level of 0.05 (see the Supplementary Appendix).
Using an intention-to-treat approach, we performed the primary analysis of the intervention effect, as assessed by means of the modified Rankin scale, with an ordinal, logistic-regression, hierarchical, mixed model with four adjustment variables (fixed intervention effect [lying flat vs. sitting up], fixed period effect, random cluster effect, and effect of the interaction between random cluster and period). 23, 24 These primary prespecified analyses were given the term "unadjusted." Consistency of intervention effect across seven prespecified subgroups (defined according to age, sex, major country and region groupings, baseline NIHSS score, time from stroke onset to commencement of intervention, major pathologic subtype, and sequence of head positioning at the hospital) was assessed by means of tests for interaction. Prespecified sensitivity analyses included two adjusted models. The first model adjusted for country (grouped as United Kingdom and Australia; China and Taiwan; India and Sri Lanka; and Chile, Brazil, and Colombia), modified Rankin scale score before stroke as a categorical variable, age as a continuous variable, and sex, and the second model adjusted for the covariates in the first model, with additional covariates of baseline NIHSS score and history of stroke, heart disease, or diabetes mellitus; multiple imputation was used if more than 10% of observations on the modified Rankin scale were missing. 25 Similar unadjusted and adjusted analyses were applied to the NIHSS score or death at 7 days after stroke. Other efficacy analyses included an unadjusted analysis of the distribution of the modified Rankin scale scores at 7 days and binary analyses of death and of death or disability (modified Rankin scale of 3 to 6) at 90 days; these binary analyses were performed with the use of hierarchical logistic-regression models. An independent data and safety monitoring board monitored the trial progress and safety; no formal interim analysis was performed. All reported P values are two-sided, and no adjustment was made for multiple comparisons. All analyses were performed with SAS software, version 9.3 (SAS Institute).
R esult s
Patients
From March 2, 2015, to November 29, 2016, a total of 11,093 of the 22,632 screened patients across 114 hospitals were assigned to a randomized head position (Fig. 1) ; 5295 patients were assigned to the lying-flat position and 5798 to the sitting-up position. Baseline characteristics of the patients are summarized in Table 1 (further details are provided in Tables S2 through S4 in the Supplementary Appendix). The mean age was 68 years (23% were ≥80 years of age), 40% were female, and 85% had acute ischemic stroke. The median pretreatment NIHSS score was 4 (interquartile range, 2 to 8). The time from the onset of stroke to commencement of the head position was 14.0 hours (interquartile range, 5.0 to 35.0), and the median time from presentation at the hospital to commencement of the head position was 7.0 hours (interquartile range, 2.0 to 26.0) in the lying-flat group and 7.0 hours (interquartile range, 2.0 to 27.0) in the sitting-up group.
Intervention and Reestimation of Sample Size
The median time in the assigned head position was significantly less among the patients in the lyingflat group than among the patients in the sittingup group (23. In the lying-flat group, patients were positioned to lie fully supine with the back horizontal and the face upwards. In the sitting-up group, patients were positioned to sit up with the head elevated to at least 30 degrees. TIA denotes transient ischemic attack. Primary intracerebral hemorrhage 420 (7.9) 511 (8.8)
* Plus-minus values are means ±SD. There were no significant differences in baseline characteristics between the groups with the exception of region of recruitment (P = 0.002), history of coronary artery disease (P = 0.02), and history of heart failure (P = 0.002). In the lying-flat group, patients were positioned to lie fully supine with the back horizontal and the face upwards. In the sitting-up group, patients were positioned to sit up with the head elevated to at least 30 degrees. IQR denotes interquartile range, and NIHSS National Institutes of Health Stroke Scale. † Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating more severe disability and a score of 6 indicating death. ‡ Scores on the NIHSS range from 0 to 42, with higher scores indicating more severe neurologic deficits. § Final diagnosis at time of hospital discharge was reported by the clinician-investigator on the basis of brain imaging and other investigations. 24 .0], P<0.001), and the patients in the lyingflat group were more likely than the patients in the sitting-up group to prematurely cease the position within 24 hours after initiation (13.0% vs. 4.2%, P<0.001). However, there were no significant between-group differences with respect to blood oxygen saturation, blood pressure levels, or other aspects of management. Outcome assessments of scores on the modified Rankin scale could not be performed in 619 patients (11.7%) in the lying-flat group and in 726 patients (12.5%) in the sitting-up group because the patients declined to participate or were lost to follow-up (Fig. 1) . The modes of assessment of modified Rankin scale scores (i.e., faceto-face assessment or assessment by telephone call to caregiver, telephone call to patient, telephone call to patient's physician, or other or uncoded) were balanced between groups. (Additional details on the interventions are provided in Tables S5 through S7 and Figs. S1 through S3 in the Supplementary Appendix.) Because the final number of centers that recruited patients was lower than anticipated and because the mean number of patients with acute ischemic stroke was 13 fewer than estimated per cluster per period, the study power was reestimated with the observed degree of correlation in patient characteristics between clusters and different periods. On the basis of the mean duration in the assigned head position, we estimated that 13% of the patients with acute ischemic stroke crossed over from the lying-flat to the sitting-up position and 6% crossed over from the sitting-up to the lying flat position. Although the intracluster correlation was higher than expected (0.083), this was compensated by a high correlation of patients from different periods in the same cluster (i.e., interperiod correlation of 0.076). In accordance with these calculated intercluster and interperiod correlation values and assumptions of adherence to the randomized positions, the trial was estimated to have retained 90% power to detect a common odds ratio of 0.84 (additional details are provided in the Supplementary Appendix).
Primary and Secondary Outcomes
There was no significant between-group difference in the primary outcome of the degree of disability at 90 days, as assessed by scores on the modified Rankin scale (unadjusted odds ratio for a difference in the distribution of scores on the modified Rankin scale in the lying-flat group, 1.01; 95% confidence interval [CI], 0.92 to 1.10; P = 0.84) (Fig. 2) . Sensitivity analyses with adjustment and with the use of multiple imputation for missing modified Rankin scale scores showed results similar to those of the primary analysis (Table 2 ); in addition, when the outcomes of patients with ischemic stroke and intracerebral hemorrhage were analyzed separately, the results were similar to the findings from the primary analysis (Tables S8 and S9 in the Supplementary Appendix).
Death or major disability (modified Rankin scale score of 3 to 6) at 90 days occurred in 38.9% of the patients in the lying-flat group and in 39.7% of the patients in the sitting-up group (odds ratio in the lying-flat group, 0.94; 95% CI, 0.85 to 1.05; P = 0.25), and death within 90 days after stroke occurred in 7.3% in the lying-flat group and in 7.4% in the sitting-up group (odds There was no significant shift in the distribution of 90-day disability outcomes on the global modified Rankin scale between patients in the lyingflat group and patients in the sitting-up group (odds ratio for a difference in the distribution of scores on the modified Rankin scale in the lying-flat group, 1.01; 95% confidence interval, 0.92 to 1.10; P = 0.84 by a hierarchical linear mixed model with adjustment for the design by including a fixed group effect, a fixed period effect, a random cluster effect, and an effect of the interaction between random cluster and period). Scores on the modified Rankin scale range from 0 to 6, with 0 indicating no symptoms, 1 no clinically significant disability despite symptoms, 2 slight disability, 3 moderate disability, 4 moderately severe disability, 5 severe disability, and 6 death. The odds ratios and 95% confidence intervals were adjusted for the clusterrandomized, crossover design effect. T h e ne w e ngl a nd jou r na l o f m e dicine ratio in the lying-flat group, 0.98; 95% CI, 0.85 to 1.14; P = 0.83) ( Table 2) . No significant betweengroup differences were evident for other outcomes, except for scores on the visual-analogue scale of the EQ-5D, which favored the lying-flat group (P = 0.009). (See also Figs. S4 and S5 and  Tables S10 and S11 in the Supplementary Appendix.)
In prespecified subgroup analyses, there was no significant heterogeneity in the intervention effect with respect to the primary outcome or the secondary outcomes of categorical scores on the NIHSS or death or scores on the modified Rankin scale at 7 days. Post hoc analysis indicated no heterogeneity in the intervention effect according to quintiles of baseline NIHSS scores or time from the onset of stroke symptoms to commencement of the intervention. (See also Figs. S6 through S10 in the Supplementary Appendix.)
Adverse Effects
No significant difference in the rate of serious adverse events was observed between the lyingflat group and the sitting-up group (14.3% and 13.5%, respectively; P = 0.51) ( Table 2 ). In particular, no significant between-group difference was observed in the rate of pneumonia. (See also Tables S12 and S13 in the Supplementary Appendix.)
Discussion
In this cluster-randomized trial involving patients with acute stroke in a range of health care settings, we found no significant difference between the implementation -at a median of 14 hours after the onset of stroke -of the lying-flat head position and the sitting-up position with respect to the primary outcome of level of disability at 90 days. There were also no significant differences in mortality or in the rates of serious adverse events, including pneumonia. Our decision to undertake a pragmatic cluster clinical trial was based on the need to avoid contamination between individual patients (i.e., an assigned intervention spilling over into the other group that was assigned to another intervention, thereby diluting the difference between the two randomized groups that are meant to be defined by each specific intervention) 26 ; the crossover component facilitated the recruitment of the sample size necessary to assess small differences in clinical outcomes between interventions. The potentially confounding effect of management strategies for acute stroke appears to be low, and * The common odds was estimated in an ordinal logistic-regression model and indicates the increase in odds of moving from a lower level of disability or stroke severity to a higher one in the lying-flat group relative to the sitting-up group. An odds ratio of higher than 1 favors the sitting-up position. † The odds ratio (with 95% confidence interval) and the corresponding P value for a difference in the distribution of scores on the modified Rankin scale at 90 days were obtained with the use of a hierarchical linear mixed model with adjustment for the design, including a fixed group effect, a fixed period effect, a random cluster effect, and an effect of the interaction between random cluster and period; this was the primary analysis and was given the term "unadjusted." Three adjusted analysis were performed: the first included covariates of country, modified Rankin scale score before stroke, age, and sex (odds ratio, 1.05; 95% CI, 0.96 to 1.15; P = 0.30); the second included the covariates in the first adjusted analysis plus additional covariates of baseline NIHSS score and history of heart disease, stroke, or diabetes mellitus (odds ratio, 1.03; 95% CI, 0.94 to 1.13; P = 0.55); and the third included the covariates in the second adjusted analysis as well as multiple imputation because more than 10% of scores on the modified Rankin scale were missing (odds ratio, 1.03; 95% CI, 0.94 to 1.13; P = 0.50). ‡ The odds ratio (with 95% confidence interval) and the corresponding P value were obtained with the use of a hierarchical mixed logisticregression model. This analysis was given the term "unadjusted." § The odds ratio (with 95% confidence interval) and the corresponding P value for a difference in the distribution of scores on the modified Rankin scale at 7 days were obtained with the use of a hierarchical linear mixed model with adjustment for the design, including a fixed group effect, a fixed period effect, a random cluster effect, and an effect of the interaction between random cluster and period. This analysis was given the term "unadjusted." ¶ The odds ratio (with 95% confidence interval) and the corresponding P value for a difference in the distribution of scores on the NIHSS or survival at 7 days were obtained with the use of a hierarchical linear mixed model with adjustment for the design, including a fixed group effect, a fixed period effect, a random cluster effect, and an effect of the interaction between random cluster and period. This analysis was given the term "unadjusted." Three adjusted analysis were performed: the first included covariates of country, modified Rankin scale score before stroke, age, and sex (odds ratio, 1.01; 95% CI, 0.92 to 1.10; P = 0.91); the second included the covariates in the first adjusted analysis plus additional covariates of baseline NIHSS score and history of heart disease, stroke, or diabetes mellitus (odds ratio, 0.97; 95% CI, 0.88 to 1.07; P = 0.52); and the third included the covariates in the second adjusted analysis as well as multiple imputation because more than 10% of scores on the modified Rankin scale were missing (odds ratio, 0.97; 95% CI, 0.88 to 1.07; P = 0.51). completion of the statistical analysis plan before patient follow-up was concluded eliminated the potential for analytic bias. Although clinicians could not be unaware of the assigned head positions because of the practical requirements of a nursing care intervention, any selection bias introduced by differential recruitment to clusters appears to be low. The risk of bias in intervention assignment was minimized by the use of central randomization, and central blinded assessment of the primary outcome limited observer bias. The results are generalizable, because participating centers included patients with a variety of types of stroke and represented various types of clinical services, 27, 28 including metropolitan and rural hospitals and various resource settings.
The negative results of this trial suggest that any modification of cerebral blood flow that may have occurred as a result of head positioning initiated within 24 hours was insufficient to reduce the neurologic deficit associated with acute stroke. Although we did not reach the planned sample size, an analysis of the degree to which clusters were related to each other indicated that the trial retained power to assess the prespecified intervention effect. Because the primary analysis provided an odds ratio for the intervention effect that was close to 1.0 and had a narrow confidence interval, it is unlikely that a true difference in the disability outcome was missed. Although there was no heterogeneity of the intervention effect with respect to the primary outcome in prespecified subgroups, these analyses had low statistical power. Most of the patients in our trial had the assigned head position implemented after the time window for reperfusion with thrombolytic or endovascular treatment had passed, and the patients had mostly mild neurologic deficits from a range of causes of stroke. It is possible that earlier initiation of head position after the onset of symptoms when the ischemic penumbra is potentially modifiable may have produced different results.
The rate of pneumonia was lower in our trial than in some other series 29 but was similar to the rates in stroke registries 27 and in a retrospective study of lying-flat positioning in patients with acute ischemic stroke. 30 The low rates in this trial might relate to careful assessment and care of patients, including the use of dysphagia screening protocols and feeding regimens, as well as the exclusion of high-risk patients such as those who underwent intubation.
In conclusion, the lying-flat head position, as compared to the sitting-up position, initiated early after presentation and maintained for 24 hours, did not alter disability outcomes in patients with acute stroke.
